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(54) Device for reading from and/or writing to recording media in disc form 



(57) The present invention relates to a device for 
reading from and/or writing to recording media in disc 
form which has an unbalance compensation means. 

The object of the invention is to propose a device of 
this type which has the smallest possible unbalance 
even when exchangeable recording media are used. 

This object is achieved according to the invention 
by virtue of the fact that the unbalance compensation 
means is a centrifugal force generation means which 
generates a centrifugal force which is variable during 



operation. According to another aspect of the present 
invention, provision is made for the unbalance compen- 
sation means to be a positioning means for positioning 
the recording medium. 

The field of application of the invention includes, 
inter alia, devices for reading from and/or writing to opti- 
cal recording media such as CD, CD-ROM, DVD, DVD- 
ROM, DVD-RAM and the like. 
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Description 

[0001] The present invention relates to a device for 
reading from and/or writing to recording media in disc 
form which has an unbalance compensation means. 
[0002] A device of this type is disclosed in WO 
84/01863. This device has a brushless DC motor as 
drive motor which causes the recording medium in disc 
form to effect a rotary movement. The recording 
medium is secured to the drive motor by means of a 
securing means, in this case the motor hub. In order to 
obtain a rotary movement of the recording medium 
which is as free as possible from unbalance, the DC 
motor, as the unbalance compensation means, is 
designed in such a way that milling has to be effected 
only once at one location in order to obtain unbalance 
compensation. The device is constructed in such a way 
that no unbalance can arise in the course of assembly, 
repair or the like. 

[0003] The known device may be regarded as having 
the disadvantage that freedom from unbalance exists 
only when the recording medium in disc form also has 
no unbalance at ail. Although this can be ensured in the 
case of hard disc devices, this is not so in the case of 
devices having exchangeable recording media. 
[0004] The object of the invention is to propose a 
device of the abovementioned type which has the small- 
est possible unbalance even when exchangeable 
recording media are used. 

[0005] This object is achieved by means of the meas- 
ures specified in the independent claims. 
[0006] The invention provides for the unbalance com- 
pensation means to be a centrifugal force generation 
means which generates a centrifugal force which is var- 
iable during operation. The advantage of such a 
dynamic unbalance compensation means consists in 
the fact that tolerances of the recording medium, toler- 
ances in the securing thereof and also tolerances of the 
drive motor are permitted to be relatively high without 
the unbalance caused thereby having a disruptive influ- 
ence on the operation of the device, since this unbal- 
ance is compensated for by the dynamic unbalance 
compensation means and is adapted to possibly chang- 
ing conditions even during operation. Recording media 
afflicted by unbalance, such as so-called shape CDs, for 
example, which under certain circumstances do not 
have uniform mass distribution, can be played back 
without difficulty in a device according to the invention. 
[0007] Another aspect of the present invention pro- 
vides for the unbalance compensation means to be a 
positioning means for positioning the recording 
medium. This has the advantage that the unbalance is 
compensated for directly at its source. That proportion 
of the unbalance which is caused by the recording 
medium or the positioning thereof in the device and. by 
its nature, cannot be compensated for during the pro- 
duction or service of the device is thus compensated for. 
The positioning means serves to position the recording 



medium in such a way that the centre of mass of the 
said recording medium is oriented such that it is centred 
with respect to the axis of the drive motor or the axis of 
rotation of the recording medium. 

5 [0008] According to the invention, the positioning 
means has spring elements and damper elements, 
which are arranged such that they are distributed uni- 
formly over the circumference of the unbalance com- 
pensation means. This has the advantage that 

io automatic centring of the recording medium relative to 
its axis of rotation is enabled as a result of this. Spring 
and damper forces cancel one another out by virtue of 
the uniformly distributed arrangement, and forces 
occurring in the event of an unbalance act on the spring 

15 and damper elements in such a way that the centre of 
mass of the recording medium is displaced towards the 
axis of rotation. This is carried out at a relatively low 
speed of rotation which is matched to the spring and 
damper forces or properties. The self-centred position 

20 of the recording medium is subsequently fixed and 
maintained. 

[0009] According to the invention, the centrifugal force 
generation means has a mass element, which can be 
moved during operation. This has the advantage that 

25 the centrifugal force can be altered in a simple manner 
by alteration of the position of the mass element. In this 
case, the mass element is advantageously arranged on 
a rotating part and in a manner such that it can move 
with respect to this part, with the result that a displace- 

30 ment of the mass element is accompanied by an altera- 
tion of the unbalance. The invention provides for the use 
of one or more mass elements of this type. A single 
mass element is advantageously designed such that it 
can be displaced both radially and in the angular direc- 

35 tion with respect to the rotation of the rotating part. The 
use of two mass elements has the advantage that they 
need be arranged such that they can be displaced in 
each case only in one dimension, that is to say radially 
or in the angular direction, in order to be able to com- 

40 pensate for the unbalance. The use of a larger number 
of mass elements, for example three, four or more, 
leads to more uniform mass distribution also in the 
direction of the axis of rotation. The higher symmetry 
that is obtained for these and even higher numbers such 

45 as, for example, six, eight, etc., contributes to reducing 
the wear and to simplifying production of the device. 
[001 0] The invention provides for two mass elements 
to be arranged such that they can move about the axis 
of rotation of the recording medium. This has the advan- 

so tage that a change in the angular position of the mass 
elements is easily possible by virtue of the arrangement 
allowing movement about the axis of rotation. Since two 
mass elements are involved, the radial component of 
the mass distribution can also be set in a simple manner 

55 by a symmetrical change in the angular position of 
these mass elements. The mass elements advanta- 
geously have essentially the shape of a segment of a 
circle or segment of an annulus, in particular the shape 
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of a semicircle or of half an annulus. If there are more 
than two mass elements, provision is made for corre- 
spondingly smaller segments of a circle which together 
produce a full circular disc, the consequence of this 
being the most uniform mass distribution possible. The 5 
movable securing of the mass elements should be 
designed to be as compact as possible in order to dis- 
rupt the mass distribution as little as possible. Seg- 
ments of an annulus have the advantage that a greater 
mass accumulation is present radially on the outside, 
which, given an identical additional mass, enables 
greater effectiveness than in the case of radially uniform 
mass distribution. The axis of rotation is generally iden- 
tical to that of the drive motor. The mass elements are 
advantageously arranged in proximity to the recording 
medium in order to compensate for the unbalance as 
close as possible to its source, and consequently to 
minimize mechanical stresses on the spindle and the 
bearings thereof, and also to prevent the propagation of 
vibration on device or drive motor to the greatest possi- 
ble extent. 

[0011] A further refinement of the invention provides 
for a plurality of small mass elements to be used which 
can be placed along a circumference or a radius of the 
centrifugal force generation means. This has the advan- 
tage that a larger number of mass elements can easily 
be metered and a high outlay in terms of mechanical 
holding is unnecessary, as a result of which the centrif- 
ugal force generation means can be designed in a 
space-saving manner. The mass elements can advan- 
tageously be placed on a circumference which, in the 
radial direction, is relatively far removed from the centre, 
since, at that location, their influence is relatively large 
even when the total mass is relatively small. In this 
case, the mass elements are advantageously held by 
the centripetal force, which is not present without rota- 
tion of the recording medium, in which case, however, 
unbalance compensation is not necessary either. 
[0012] Instead of a circumference or a radius of the 
centrifugal force generation means, it is likewise possi- 
ble to use the circumference or the radius generally of a 
rotating part, without leaving the scope of the present 
invention. The mass elements are advantageously 
designed as fine- or coarse-grained powder arranged, 
for example, in a closed container, in order to avoid any 
loss, in air, a specific other gas, at excess pressure or 
negative pressure, in a liquid or the like. The individual 
particles are advantageously of essentially spherical 
design so that they can be packed as densely as possi- 
ble. It is advantageous, however, for them to have a flat- 
tened or rough surface in order to increase the 
reciprocal friction and, consequently, to hold a position 
which, once assumed, is classified as optimal. 
[0013] - The invention furthermore provides an adhe- 
sion element or a holding element to be arranged on the 
circumference and/or on the radius of the centrifugal 
force generation means. This has the advantage that, in 
addition to the centripetal force, a holding force or adhe- 



sion force is exerted on the mass elements, as a result 
of which the latter are held in their set position even with 
a reduced rotational speed. This solution is advanta- 
geous particularly when the rotary movement of the 
recording medium is stopped without the latter being 
removed from the device. In the event of subsequent, 
renewed operation, the unbalance compensation is 
then still preserved and it is possible to go over to inter- 
ference-free playback operation more rapidly. The 
adhesion element is, for example, an adhering surface 
coating, for example an adhesive layer, a layer of elec- 
trostatic charge, a magnetized layer in the event of 
using magnetizable particles as mass elements, or 
another suitable adhesion element. The holding ele- 
ment is designed for example as a rough surface, as a 
surface like a bed of nails, or as a differently configured 
surface, in which the mass elements are fixedly sus- 
pended or are caught. Cavities with openings arranged 
in the direction of rotation are advantageously provided 
as the holding elements. This has the advantage that 
the mass elements are received and held therein. In 
order to neutralize the mass distribution that has been 
set, acceleration in the opposite direction is provided for 
example, as a result of which the mass elements are 
removed from the cavities. 

[0014] According to the invention, the unbalance com- 
pensation means has a control means, which essen- 
tially follows the rotary movement of the unbalance 
compensation means. This has the advantage that the 
unbalance compensation means and the control means 
concomitantly rotating with the latter are at rest relative 
to one another, thereby making it unnecessary to trans- 
mit for example control information, energy, force or 
mutual influencing from stationary to rotating parts or 
elements. The mechanical and electrical outlay are thus 
reduced, as, too, is the power loss. 
[0015] According to the invention, the control means 
is a lever element. This has the advantage that the con- 
trol means is of mechanical design, does not require the 
supply of electrical energy and is simple to realize. Pref- 
erably, a plurality of lever elements, in particular ones of 
identical design, are used, one or else a plurality of lever 
elements being provided for each mass element. 
[0016] According to the invention, the lever element 
has a point of action on a rotating part, a further point of 
action on a stationary part and also a point of action on 
a mass element. This has the advantage that point of 
action and lever element are arranged and designed in 
such a way that relative displacements, caused by the 
unbalance, of the points of action on the stationary part 
and on the rotating part initiate leverage which effects a 
displacement of the mass element in the opposite dis- 
placement direction to that caused by the unbalance. 
[001 7] Another aspect of the invention provides for the 
unbalance compensation means to have a control 
means which is arranged such that it is essentially sta- 
tionary with respect to the device. This has the advan- 
tage that a control means arranged fixed with respect to 
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the housing reduces the number of parts arranged such 
that they rotate and, consequently, the space require- 
ment thereof. A control means arranged fixed with 
respect to the housing has the advantage, moreover, 
that supply lines e.g. for the purpose of control, power 
supply, etc., from the housing are possible without diffi- 
culty on account of the arrangement fixed with respect 
to the housing. Furthermore access to an actuating 
means which is arranged fixed with respect to the hous- 
ing is possible without difficulty. 

[0018] According to the invention, the stationary con- 
trol means is a braking means, which influences the 
angular position and/or the radial position of the mass 
element. This has the advantage that the control is 
effected by a stationary braking means, and information 
and energy transmission can be realized in a simple 
manner. The braking means is advantageously an elec- 
tromagnetic coil which moves a brake lever into one or 
two braking positions in which the mass element is 
braked. For example, the angular position of second 
mass elements is influenced, thereby enabling good 
unbalance compensation by means of a small number 
of components. 

[0019] According to the invention, the braking means 
influences a positioning gear mechanism with rotating 
elements which is part of the unbalance compensation 
means. This has the advantage that the elements of the 
positioning gear mechanism are braked by the braking 
means and a gearing movement is thereby initiated. In 
this case, with a suitable design of the positioning gear 
mechanism, a single mass element is positioned in the 
radial direction and in the direction of rotation. 
[0020] The invention furthermore provides for the 
braking means to be part of an engagement means for 
the recording medium in disc form. This has the advan- 
tage that a component which is present in any case is 
used for the purpose of unbalance compensation in a 
phase in which it is inactive in any case. The part of the 
engagement means is advantageously a lever by which 
another element, the so-called puck, is moved towards 
the recording medium or away from the latter. In this 
case, the unbalance compensation means is advanta- 
geously integrated in the engagement means. This has 
the advantage that the unbalance compensation means 
engages from the other side of the recording medium 
compared with the drive motor, and this means that on 
the drive motor side, it is not necessary to make any 
modifications to a device whose construction may have 
already been completed, and, nevertheless, the unbal- 
ance compensation means can be integrated since 
structural space for arranging the unbalance compen- 
sation means is more likely to be available on the side 
remote from the motor. 

[0021] According to the invention, the control means 
has a long-range-force-generating element. This has 
the advantage that direct mechanical contact between 
control means and mass element or other rotating parts 
of the unbalance compensation means is unnecessary, 



thereby obtaining a reduction in friction losses. The 
long-range force that is provided is, for example, a mag- 
netic force, generated by an electromagnetic, for exam- 
ple, an electrostatic force or another force transmitted 

5 without direct contact. According to the invention, the 
mass element is a magnetizable mass element and the 
long-range-force-generating element is a magnet. This 
has the advantage that magnetizable mass elements, 
for example iron particles, are inexpensive materials 

10 which are simple to manipulate. Magnets, in particular 
electromagnets, are likewise inexpensive to produce 
and, as mass-produced articles, have well-known prop- 
erties. The magnetizable mass elements are position- 
ally displaced by means of the magnet; for example, 

15 when iron particles are used, they are attracted by 
means of the electromagnet, gathered and, with the 
drive motor rotating, released at an angular position 
which has been determined as suitable. They are then 
pressed by the centrifugal force against an outer wall to 

20 which, for their part, they pass on the centrifugal force. 
The magnetizable mass element that is provided may 
be either an individual mass element or a small number 
of individual mass elements, or else a large number of 
mass elements, for example pulverulent mass ele- 

25 ments. A magnetic fluid can likewise advantageously be 
used in this case. 

[0022] The electromagnet is advantageously 
arranged in such a way that the force acts essentially in 
the radial direction, which enables a flat design of the 

30 centrifugal force generation means. A compact design 
in the radial direction is obtained when the electromag- 
net is arranged above or below the plane of the centrif- 
ugal force generation means, that is to say when the 
force acts essentially in the axial direction. A single 

35 electromagnet serves to release mass elements if 
appropriate in a metered manner or at various locations. 
Two electromagnets are provided in order to release 
mass elements at different locations so that optimum 
mass compensation, for example in accordance with 

40 two emplaceable mass elements, is consequently 
obtained. The arrangement of three or more magnets 
which are advantageously of smaller design and are 
arranged with higher symmetry also lies within the 
scope of the invention. 

45 [0023] According to the invention, the unbalance com- 
pensation means is an additional force generation 
means, which is advantageously a long-range force 
generation means. This has the advantage of a lower 
mechanical outlay and, consequently, a reduced sus- 

50 ceptibility to interference, since a movable mass ele- 
ment is not necessary and the centrifugal force is 
generated in a different way. 

[0024] According to the invention, the long-range force 
generation means is a magnetic field generation 
55 means. This has the advantage that a magnetic force is 
relatively simple to generate, and that it has no, or only 
slight, interfering influences on other parts of the device. 
It is advantageous for a plurality of electromagnets to be 
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arranged in a stationary manner, the said electromag- 
nets exerting a force of attraction on a magnetizable, 
rotating element. In this case, at least three electromag- 
nets, but advantageously a larger number thereof, are 
arranged such that they are distributed uniformly over 
the circumference. They are driven in such a way that a 
circulating magnetic field is produced which circulates 
at the rotation frequency of the rotating element and, 
consequently, exerts a force having a constant direction 
with respect to this rotating element. The lield is gener- 
ated in such a way that this force has a magnitude and 
direction suitable for compensating for the unbalance. 
Another advantageous refinement consists in equipping 
the rotating element with one or more electromagnets 
and arranging permanent magnets on the circumfer- 
ence in a stationary manner, all of which permanent 
magnets have their north poles directed radially 
inwards, for example. This has the advantage that the 
rotation frequency of the magnetic field generated 
always correctly corresponds to that of the recording 
medium and, consequently, specific regulation is not 
necessary for this. The electromagnets are advanta- 
geously supplied with energy inductively. 
[0025] According to the invention, the magnetic field 
generation means is integrated in the drive motor. This 
has the advantage that no additional structural space is 
necessary for the magnetic field generation means in 
the device, and that this function is in any case obtained 
in the drive motor designed as an electric motor. Given 
an electronically commutated motor, a centrifugal force 
control signal is accordingly superposed on the normal 
signal of the solenoids, with the result that the circulat- 
ing force which compensates for the unbalance is addi- 
tionally superposed on the circulating travelling field. 
Instead of the magnetic field generation means, it like- 
wise lies within the scope of the invention to integrate a 
general long-range force generation means in the drive 
motor. 

[0026] The invention provides for a sensor and an 
evaluation means to be present in the device. This has 
the advantage that the requisite centrifugal force is opti- 
mally determined and set in terms of magnitude and 
direction. A slow run-up to the optimum value or rapid 
overshooting beyond this optimum value need not be 
feared, therefore. Consequently, the optimum operating 
state is reached rapidly and reliably. The evaluation 
means evaluates the sensor signal and determines the 
tractive force suitable for unbalance compensation. 
[0027] According to the invention, the sensor is a 
vibration sensor. This has the advantage that the unde- 
sirable property caused by the unbalance is measured 
directly. In this way, the unbalance is compensated such 
that minimum vibration is achieved. This applies, when 
a vibration sensor is used, even when other influences 
are superposed on the unbalance and, therefore, opti- 
mum unbalance compensation possibly does not corre- 
spond to optimum vibration damping. 
[0028] According to the invention, the unbalance com- 



pensation means has a sensor element, an evaluation 
means and a centrifugal force generation means and/or 
a positioning means, which are all arranged on a rotat- 
ing part of the device. This has the advantage that the 

s unbalance compensation means is arranged in a partic- 
ularly space-saving manner, since an information flow 
between a rotating part and a non-rotating part is not 
necessary. The said elements are advantageously 
designed as micromechanical and microelectronic ele- 

10 merits, so-called mechatronic elements. Accordingly, 
sensor element, evaluation means, centrifugal force 
generation means and/or positioning means are all 
arranged on a single mechatronic support element. The 
sensor is advantageously designed as a rotation sen- 

/ 5 sor. The positioning means and/or the centrifugal force 
generation means are/is designed for example as 
micropump and microvalves interacting therewith, 
which displaces hydraulic mass elements and/or posi- 
tions the recording medium. Since, in some instances, 

20 only relatively small masses are required for the com- 
pensation, micromechanical elements can be used 
practically in this case. Energy is advantageously sup- 
plied by way of the electrodynamic effect or coupling-in 
of radiation. 

25 [0029] An inventive method for setting a variable cen- 
trifugal force of a centrifugal force generation means 
has the steps specified in the independent method 
claim. 

[0030] These steps have the advantage that a simple 

30 yet reliable method is realized in this way for the pur- 
pose of setting a centrifugal force and hence compen- 
sating for the unbalance which is caused in a device for 
reading from and/or writing to recording media in disc 
form as a result of non-uniform mass distribution of the 

35 recording medium or inaccurate positioning thereof in 
the device. In this case, the comparison of the differ- 
ence between present value and stored value is prefer- 
ably effected in terms of magnitude or by way of defined 
upper and lower threshold values. In general, the 

40 change in the moment of inertia is preferably effected by 
changing the radius, but may likewise advantageously 
be obtained by changing the mass of the mass element. 
[0031 ] A step d), addition of a mass element, is advan- 
tageously carried out between steps c) and e) of the 

45 method. The addition may consist in the actual insertion 
of a mass element from the outside into the centrifugal 
force generation means; however, addition may likewise 
be understood to mean that a mass element is moved 
from a starting position to a different suitable position. 

so [0032] Further advantages and refinements of the 
invention may be gathered from the following descrip- 
tion of advantageous exemplary embodiments. 
[0033] In this case, 

55 Fig. 1 shows a device according to the invention 

with unbalance compensation means 
designed as positioning means in a first 
operating position; 
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Fig. 2 shows a sectional illustration of the device 

according to the invention from Figure 1 
along the line AA; 

Fig. 3 shows the device according to the inven- 

tion from Figure 1 in a second operating 
position; 

Fig. 4a shows a basic illustration of an unbalance 
compensation means of a device accord- 
ing to the invention, in plan view; 

Fig. 4b shows a device according to the invention 
with unbalance compensation means in 
accordance with Figure 4a; 

Fig. 5 shows a flow diagram of a method accord- 

ing to the invention; 

Fig. 5a-f show unbalance-angle diagrams for eluci- 
dating the method represented in Figure 
5; 

Fig. 6 shows a device according to the invention 

with positioning means; 
Fig. 7 shows a device according to the invention 

with centrifugal force generation means 

for a mass element in a first embodiment; 
Fig. 8 shows a device according to the invention 

in accordance with Figure 7 with two mass 

elements; 

Fig. 9a shows a device according to the invention 
in accordance with Figure 7 in a second 
embodiment, in a sectional illustration; 

Fig. 9b shows a device according to the invention 
in accordance with Figure 9a, in plan 
view; 

Fig. 10 shows unbalance compensation means of 
a device according to the invention with 
control means in neutral position, which 
control means follow the rotary move- 
ment; 

Fig. 1 1 shows unbalance compensation means in 
accordance with Figure 10 in a compen- 
sation position; 

Fig. 12 shows centrifugal force compensation 
means with a plurality of small mass ele- 
ments, in plan view; 

Fig. 13 shows centrifugal force compensation 
means in accordance with Figure 12, in a 
perspective view; 

Fig. 14 shows part of a centrifugal force compen- 
sation means in accordance with Figure 
12 with a long-range-force-generating ele- 
ment in a first operating state; 

Fig. 15 shows the said part in accordance with 
Figure 14 in a second operating state; 

Fig. 16 shows a device according to the invention 
with long-range force generation means; 

Fig. 17 - shows centrifugal force generation means 
of the device in accordance with Figure 
16; and 

Fig. 18 shows an unbalance compensation 
means with elements arranged according 



to the invention on a rotating part of the 
device. 

[0034] Figure 1 shows a basic illustration of a device 
s according to the invention. A recording medium 1 in disc 
form is secured on a disc turntable 4 by means of a 
securing means formed from a centring pin 2 and a 
holding element 3. The holding element 3 is often 
referred to as a puck as well. The disc turntable 4 is 
10 made to effect rotary movement by a drive motor 5. The 
unbalance compensation means, which is a positioning 
means 6 in this exemplary embodiment, is integrated in 
the disc turntable 4. A spring element 7 and a damper 
element 8 of the positioning means 6 are evident, which 
is engage on the drive shaft 9 of the drive motor 5, on the 
one hand, and on the disc turntable 4, on the other 
hand. 

[0035] The drive motor 5 is arranged on a support ele- 
ment 10, on which a scanner 11 is likewise situated. 

20 Like all the other elements of Figure 1 , the scanner 1 1 is 
illustrated only diagrammatically. All that is illustrated 
diagrammatically of the components of the scanner 1 1 
which are known to a person skilled in the art is a lens 
12 which is movable radially and vertically with respect 

25 to the plane of the recording medium 1 . The support 
element 10 is connected to the housing (not illustrated) 
of the device via damper elements 13 in a manner 
essentially decoupled from vibration. 
[0036] A lever 1 4 serves to lift off the holding element 

30 3 and thus release the recording medium 1 for removal 
from the device. In its position illustrated in Figure 1 , in 
which it is in contact with the recording medium 1 , the 
holding element 3 is pressed by magnetic forces onto 
the recording medium 1 . For this purpose, a magnet 15 

35 is arranged on the holding element 3 and a magnet 1 5' 
is arranged on the centring pin 2. The lever 14 is moved 
in the direction of the arrow 16. 
[0037] It may be assumed in the exemplary embodi- 
ment that the recording medium 1 in disc form is an opti- 

40 cal recording medium, for example a CD or a DVD, 
which has circularly or spirally arranged data tracks 
which are scanned by means of a light beam focused by 
the scanner 11 and the lens 12. In this case, the rotary 
movement of the recording medium 1 and the mobility 

45 of the lens 12 and of the scanner 1 1 in the radial direc- 
tion make it possible for the light beam to follow the data 
track. The mobility in the radial direction is indicated by 
the arrow 17. 

[0038] If the recording medium 1 has an unbalance, or 
so if it is arranged such that it is not exactly centred in the 
device, then an unbalance U occurs, for example in the 
direction of the arrow 18. The consequence of the 
unbalance U is that vibrations are transmitted to the 
scanner 1 1 via the disc turntable 4. the drive motor 5 
55 and the support element 1 0. The larger these vibrations 
are, the greater the radial movement of the lens 12 is 
influenced. The vibration S is a function of the unbal- 
ance U; the following holds true: S=f(U) . 
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[0039] In order to compensate for an unbalance U 
caused by the recording medium 1 or its securing, the 
lever 14 is first of all held in the position illustrated in Fig- 
ure 1. in which it is not yet completely lowered, and the 
drive motor 5 is caused to rotate. In this case, the force 5 
engendered by the unbalance U acts on the disc turnta- 
ble 4, which transmits this force to the drive shaft 9 via 
spring element 7 and damper element 8. Since the disc 
turntable 4 and the drive shaft 9 are provided with play 
relative to one another, the disc turntable 4 is in this 
case displaced relative to the drive shaft 9. 
[0040] Figure 2 shows a section through Figure 1 
along the line AA. It is evident that a plurality of spring 
elements 7 are arranged such that they are distributed 
uniformly over the circumference, each spring element 
7 being assigned a damper element 8 situated opposite 
on the other side of the drive shaft 9. The spring con- 
stants of the spring elements 7 and the damping con- 
stants of the damper elements 8 are coordinated with 
one another in such a way that they enable automatic 
displacement of the disc turntable 4 relative to the drive 
shaft 9 at least at a specific rotation frequency which is 
set for the purpose of unbalance compensation. As 
soon as the disc turntable 4 is in a centred position with 
respect to the drive shaft 9, which is determined by 
means of a sensor, for example, but may also be 
assumed to be reached after a predetermined period of 
time has elapsed, the lever 14 is lowered in accordance 
with arrow 16'. It then assumes its lowered position illus- 
trated in Figure 3. In doing so, a tip 19 of the lever 14 
comes into contact with the holding element 3 and, con- 
sequently, fixes the radial position of the holding ele- 
ment 3 and of the disc turntable 4 connected thereto via 
the centring pin 2 in the centred position, that is to say 
the position in which the unbalance has been compen- 
sated. The rotational speed of the drive motor 5 can 
now be raised to the speeds which are suitable for read- 
ing from or writing to the recording medium 1, without 
any fear that the disc turntable 4 will be displaced and, 
consequently, that there will be a renewed unbalance 
U*0. 

[0041 ] The remaining parts of Figure 3, which are not 
specifically described, correspond to those described 
with regard to Figure 1 . The rotation of the drive shaft 9 
is transmitted via a drive pin 20, which engages in a 
recess 21 in the disc turntable 4, to the latter and hence 
to the recording medium 1 . 

[0042] Figure 4a shows a basic illustration of part of 
an unbalance compensation means which can be 
arranged either in an unbalance compensation means 
designed as positioning means or in an unbalance com- 
pensation means designed as centrifugal force genera- 
tion means. In this case, a section in accordance with, 
for example, Figure 2 is once again illustrated diagram- 
matically, the disc turntable 4 being supported, on the 
one hand, on the drive shaft 9 by means of a spring ele- 
ment 7 and, on the other hand, by means of two adjust- 
able positioning pins 23. The positioning pins 23 



engage in holes 26 in the disc turntable 4 and are pro- 
vided with an external thread 24, which interacts with an 
internal thread 25 in the holes 26. In this way. by rotation 
of the positioning pins 23, it is possible to alter the dis- 
tance between the disc turntable 4 and the drive shaft 9, 
with lengthening of the respective hole. Consequently, 
suitable adjustment of the two positioning pins 23 ena- 
bles the disc turntable 4 to be centred with respect to 
the drive shaft 9 in the sense of unbalance compensa- 
tion. 

[0043] Instead of the disc turntable 4, however, it is 
also possible, in accordance with a further aspect of the 
invention, to arrange a mass element 27 such that it can 
be displaced with respect to the drive shaft 9 by means 
of spring element 7 and positioning pins 23. In this case, 
the unbalance compensation means is not designed as 
positioning means but rather as centrifugal force gener- 
ation means. In this case, namely, the positioning of the 
mass element 27 means that the position of the record- 
ing medium 1 is left unchanged, while the unbalance U 
caused by the said recording medium is opposed by an 
opposite centrifugal force or unbalance U' caused by 
corresponding displacement of the mass element 27. 
[0044] Figure 4b illustrates this diagrammatical ly in a 
device according to the invention, in a sectional illustra- 
tion. The unbalance U. indicated by the arrow 18. of the 
recording medium 1 is opposed by the unbalance U* or 
centrifugal force caused by the mass element 27 and 
indicated by the arrow 18'. The remaining elements con- 
tained in Figure 4b correspond to those described with 
reference to Figure 1 and Figure 3 and, therefore, are 
not specifically explained here. 

[0045] Figure 5 illustrates a flow diagram of a method 
according to the invention. With regard to individual 
steps of the method illustrated in Figure 5, diagrams are 
represented in Figures 5a to 5f for the purpose of clari- 
fication. 

[0046] The method, illustrated in Figure 5, for setting 
a variable centrifugal force of a centrifugal force gener- 
ation means begins in step a) with the start of the set- 
ting procedure. In step b) a measured value U n , which 
corresponds to an unbalance, is compared with a pre- 
determined lower limit value Ujj mit . If the measured 
value U n is below the limit value U limlt , the method 
branches to step o), the end of the setting procedure. 
Otherwise, in step c), the present value U n of the unbal- 
ance is stored as stored value U n .v 
[0047] Figure 5a diagrammatically shows the disc 
turntable 4 which has an unbalance. The said unbal- 
ance is indicated in an exaggerated manner by the 
mass point m u , which is situated at a distance r u from 
the centre of the disc turntable 4. axis of rotation. A 
force F u is engendered by this unbalance. A mass ele- 
ment rTH is situated at a distance r-, from the axis of rota- 
tion. Its position is variable in the direction of rotation, 
this being indicated by the arrow designated by <p. The 
arrow designated by n specifies the direction of rotation 
of the disc turntable 4. In Figure 5a. the moment of iner- 
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tia m 1 r 1 corresponding to the mass element m 1 is 
greater than the moment of inertia m u r u corresponding 
to the eccentric centre of mass m u , this being indicated 
by the size of the points designated by ir^ and m u . 
[0048] Figure 5d corresponds to the illustration of Fig- 
ure 5a with the difference that the relative sizes of m^ 
and m u r u are reversed in this case. The procedure for 
ascertaining a value corresponding to the unbalance U n 
corresponds to the method as far as step c). 
[0049] In step e) the angular position of the mass ele- 
ment m t is changed by a first value. This is a predeter- 
mined positive value +A<p in the exemplary embodiment. 
In step f) a present measured value U n of the unbalance 
is compared with the stored value \J n .^, and, if the 
present value U n is less than the stored value U n _-j, the 
method branches to step h). Otherwise, in step g), the 
angular position of the mass element m-, is changed by 
a second value (which is negative in the exemplary 
embodiment) - 2A<p. In the exemplary embodiment, the 
magnitude of this value is twice as large as that of the 
first, positive value. In general, however, it suffices if 
sign and magnitude do not correspond to those of the 
first value +A<p from step e). 

[0050] In the subsequent step h), the difference AU 
between present value U n and stored value U n .-| is com- 
pared with a threshold value AU max . If the difference AU 
is greater than the threshold value AU max , the method 
branches to step c). Otherwise, in step j), the present 
value U n is stored as stored value U^. 
[0051] The angular position changes in accordance 
with the arrow designated by <p in Figure 5a and Figure 
5d. Figures 5b and 5e show a diagram in which unbal- 
ance is plotted against angular position. In this case, the 
two curves each correspond to a mass rt^ which is 
large and small, respectively, with regard to m u . Each 
curve has a minimum, that is to say an angular position 
at which the resultant unbalance is the least. This point 
is indicated in each case by an x, while the starting 
point, which, in general, does not coincide with the min- 
imum of the curve, is marked by an *. 
[0052] By optionally multiple iteration of steps c) to h), 
the angular position of the mass point m«| is changed in 
such a way that the minimum or a point near the mini- 
mum is reached. It has turned out to be particularly 
advantageous to branch to step j) if the difference AU is 
below 5%. 

[0053] In step k) the moment of inertia of the mass 
element nr^ is changed by a first value +Am 1 r 1 , which is 
chosen to be a positive value in the exemplary embodi- 
ment. A comparison between the present measured 
value U n and the stored value U^ is then carried out in 
step 1). If the present value U n is less than the stored 
value U n . 1( the method branches to step n). Otherwise, 
in step m), the moment of inertia of the mass element 
m-j is changed by a second value ^Am-,^, whose sign 
and magnitude do not correspond to those of the first 
value +Am 1 r 1 from step k). In step n) the difference AU 
between present value U n and stored value U^ is com- 



pared with a lower limit value U, jmit . If the limit value 
Uiimit is exceeded, the method branches to step j), oth- 
erwise the end of the setting procedure is reached with 
step o). 

5 [0054] These steps are illustrated in Figures 5c and 5f 
by diagrams in which unbalance is plotted against 
moment of inertia. By changing the moment of inertia 
nv-, from the starting point indicated by * to the end 
point indicated by x, complete or virtually complete 

io compensation of the unbalance caused by the eccentri- 
cally arranged centre of mass m u is obtained. In the 
simplest case, the distance between m 1 and the axis of 
rotation is, for this purpose, reduced in accordance with 
Figure 5c or increased in accordance with Figure 5f. 

is However, a corresponding effect can also be achieved 
by changing the mass m 1t for example by removing or 
adding mass elements. In general, any measure which 
correspondingly changes m^ can expediently be used 
in this case. 

20 [0055] It is advantageous to add a mass element m-, 
in a step d) between steps c) and e), which mass ele- 
ment is then displaced, in the following steps, in the 
angular direction and radially in order to obtain the 
change in the angular position and in the moment of 

25 inertia. This corresponds to the introduction of the mass 
point m 1 at its starting position in Figures 5a and 5d. 
[0056] Figure 6 shows part of a device according to 
the invention with positioning means for the recording 
medium 1 . The drive motor 5 is illustrated, as is its drive 

30 shaft 9, which drives the disc turntable 4 via a drive pin 
20, which extends into a recess 21 . In this case, the 
region illustrated above the drive motor 5 is illustrated 
essentially as a section corresponding to the lines 
BB'B" from Figure 4a. The upper part of the drive shaft 

35 9 has a radial distance from the disc turntable 4, and 
also from the drive pin 20 in the recess 21 . This enables 
the disc turntable 4 to be displaced radially with respect 
to the drive shaft 9. 

[0057] The holes 26 with an internal thread 25 which 
40 are arranged in the disc turntable 4 are evident. The 
external thread 24 of the positioning pins 23 engages in 
the internal thread 25. At their radially inner end, the 
positioning pins 23 have a head 29 provided with a 
toothed rim 28. The respective upper region of the head 
45 29 in the figure engages in a helical gearwheel 30, 30', 
and the respective lower part engages in a helical gear- 
wheel 31, 31'. The helical gearwheels 30, 30', 31, 31' 
each have a toothed rim inclined downwards and 
upwards, respectively. They are connected to nested 
so cylindrical elements whose respective other ends have 
radially outwardly protruding braking elements 32, 32', 
33, 33'. At their radially outer end, the braking elements 

32, 32', 33, 33' each have an annular rim 34, which can 
be brought into contact with a brake lever 35. 35' in 

55 order to brake the respective braking element 32, 32', 

33, 33* and hence the associated helical gearwheel. For 
this purpose, the brake lever 35, 35' is actuated radially 
inwardly or radially outwardly by a control element 36, 
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36\ for example an electromagnetic actuator. The brak- 
ing of the rotary movement of one of the braking ele- 
ments 32, 32', 33, 33* results in the braking of the 
respectively associated helical gearwheel 30. 30', 31, 
31 \ whereby the corresponding positioning pin 23 is 
made to rotate and, consequently, shortens or 
increases the distance between the disc turntable 4 and 
the drive shaft 9. 

[0058] By a suitable combination of the settings of the 
two positioning pins 23, it is thus possible, as described 
with regard to Figure 4, to set any suitable position of 
the disc turntable 4. The recording medium 1 , which is 
not illustrated in this case, is consequently displaced 
correspondingly via the centring pin 2. 
[0059] In order to obtain enhanced vibration decou- 
pling, both the control elements 36, 36* and the drive 
motor 5 are secured by damper elements 13' to their 
respective holding elements, which are not illustrated 
here. 

[0060] Figure 7 shows a device according to the 
invention with centrifugal force generation means, 
which has a mass element 27. Drive motor 5, drive shaft 
9 as well as the helical gearwheels 30, 30'. 31. 3V 
arranged thereon, the associated braking elements 32. 
32', 33, 33', the annular rims 34, the brake levers 35, 35' 
and the control elements 36, 36', and also the position- 
ing pins 23 correspond to those described with regard 
to Figure 6 and are thus not specifically described here. 
[0061] The drive shaft 9 is in this case connected 
directly to the disc turntable 4 and the centring pin 2. 
The positioning pins 23 engage in holes 26 in a mass 
element 27, which essentially consists of a radially outer 
ring element 37 and a perforated disc 38 arranged ther- 
eon. In the exemplary embodiment, the radially inner 
region of the perforated disc 38 bears in the axial direc- 
tion on the helical gearwheel 30' as well as on the cen- 
tring pin 2, but is spaced apart in the radial direction 
from the drive shaft 9, thereby enabling mobility both in 
the radial and in the angular direction. The mass ele- 
ment 27 has a recess 21\ in which a drive pin 20* 
arranged on the disc turntable 4 engages. Drive pin 20' 
and recess 2V are provided with play, with the result 
that mobility of the mass element 27 relative to the disc 
turntable 4 is ensured in this case, too. The play is 
essentially present in the radial direction. Drive pin 20' 
and recess 21* ensure that the mass element 27 is 
caused to rotate in a manner coupled to the disc turnta- 
ble 4. Radial displacement and angular displacement of 
the mass element 27 ensue in the manner described 
with regard to Figure 6, in that case with regard to the 
disc turntable 4. It goes without saying that the individ- 
ual components arranged on the drive shaft 9 are 
mounted as frictionlessly as possible both with respect 
to the said drive shaft and with respect to one another 
and also with respect to the radially inner region of the 
disc 38, in order to minimize friction losses. 
[0062] Positioning pin 23, helical gearwheels 30, 30\ 
31, 3V and also braking elements 32, 32', 33, 33' 



together form a positioning gear mechanism 41 which 
serves for the positioning of the mass element 27 and/or 
of the disc turntable 4 and, via the latter, of the recording 
medium 1. 

5 [0063] Figure 8 shows part of a device according to 
the invention with centrifugal force generation means 
42, which has two mass elements 27, 27'. The main 
proportion of the mass of the mass element 27 or 27 is 
arranged in a ring element 37 or 37', respectively, which 

w is adjoined radially inwardly by a perforated disc 38, 38*. 
which, at its radially inner end, merges with a sleeve 39, 
39' mounted in a sliding manner on the drive shaft 9 of 
the drive motor 5. The sleeves 39. 39" are also mounted 
such that they slide with respect to one another. 

15 Arranged on the perforated discs 38, 38' are drivers 40, 
40' which consist, for example, of a rubber ring and nor- 
mally ensure that the elements which bear on them, 
namely disc 38 and disc turntable 4 and disc 38' and 
disc 38, respectively, do not move relative to one 

20 another. However, the drivers 40, 40' composed of elas- 
tic material do enable a relative movement of the corre- 
sponding components when forces acting between 
these components exceed a specific minimum value. 
Such forces are engendered by braking of one of the 

25 mass elements 27 or 27' due to displacement of a brake 
lever 35* which comes into contact with an annular rim 
34 of the corresponding mass element 27 or 27*. The 
brake lever 35 is activated by a control element 36\ as 
described with regard to the previous figures. Since two 

30 mass elements 27, 27' which can be placed independ- 
ently of one another are involved in this exemplary 
embodiment, only a single brake lever 35' is necessary 
since the centre of mass formed by the two mass ele- 
ments 27 and 27' can be positioned freely both in the 

35 angular position and in the radial direction by virtue of 
the independent angular positioning of the individual 
mass elements 27, 27* themselves. 
[0064] Figures 9a and 9b show a device according to 
the invention with centrifugal force generation means, 

40 which has a positionable mass element, in a further 
embodiment. Figure 9a in this case shows a partially 
sectional side view similar to Figure 1, while Figure 9b 
illustrates a section through Figure 9a along the line CC. 
[0065] In Figure 9a, the parts corresponding to Figure 

45 1 are provided with the same reference symbols and 
are not specifically described insofar as there is no dif- 
ference from Figure 1. The disc turntable 4 is in this 
case connected directly to the drive shaft 9. The cen- 
tring pin 2 is also connected to the disc turntable 4 and 

so has magnets 15' at its upper end. The magnets 15' 
interact with magnets 15 of the holding element 3. in 
order to press the latter against the recording medium 1 . 
The holding element 3 has a central stepped hole 43, 
through which a cylinder 44 reaches whose lower end 

55 facing the centring pin 2 has a peripheral projection 
whose external diameter is greater than the internal 
diameter of the step of the stepped hole 43. Movement 
of the cylinder 44 upwards thus has the result that the 
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peripheral projection comes into contact with the step of 
the hole 43 and, as the cylinder 44 lifts further, the hold- 
ing element 3 is driven and, consequently, the holding 
element is lifted from the recording medium 1. In the 
position of the cylinder 44 which is illustrated in Figure 5 
9a, the peripheral projection and the step of the hole 43 
are spaced apart from one another. The lower part of 
the cylinder 44 is in contact with a centring tip 45 of the 
centring pin 2, in order to ensure centring with respect 
to the drive shaft 9. The upper end of the cylinder 44 is 10 
likewise provided with a centring tip 46, which is centred 
in a centring recess 47 of the lever 14. The cylinder 44 
has a radial projection 48 below the centring tip 46. In 
the position illustrated in Figure 9a, the projection 48 is 
axially spaced apart from a gripping element 49, which, 15 
during the lifting of the lever 14, comes into contact with 
the projection 48 and, consequently, effects lifting of the 
cylinder 44. The cylinder 44 has a toothed rim 50 in its 
central region, which toothed rim is engaged with a 
toothed rack 51 . The toothed rack 51 is part of a beam 2 o 
element 52, at whose ends a respective mass element 
27, 27* is arranged. The beam element 52 rests, on the 
one hand, on the holding element 3 and. on the other 
hand, is in contact with a pressure plate 53. The pres- 
sure plate 53 is secured to the cylinder 44. 25 
[0066] In the position of the lever 14 which is illus- 
trated in Figure 9a, the cylinder 44 and thus the pres- 
sure plate 53 are pressed downwards, as a result of 
which the beam element 52 is also pressed against the 
holding element 3. Relative movement of beam element 30 
52 and holding element 3 is not possible in this position. 
If the lever 14 is raised slightly, then although the beam 
element 52 and the pressure plate 53 still rest on the 
holding element 53, relative movement is possible in the 
event of the friction force being overcome. The effect of 35 
the lever 14 being lifted further is that the gripping ele- 
ment 49 comes into contact with the radial projection 48 
of the cylinder 44, rotary movement of the cylinder 44 
thereby being braked. The result of this is that the 
toothed rim 50 moves relative to the toothed rack 51 40 
and. consequently, the beam element 52 is displaced in 
the radial direction. 

[0067] This is indicated by the arrow 54 in Figure 9b, 
which illustrates a section through Figure 9a in accord- 
ance with the line CC. Arrow 55 indicates a rotary move- 45 
ment of the beam element 52 which is obtained by 
heavy braking or heavy acceleration of the disc turnta- 
ble 4 and hence of the holding element 3 and of the 
recording medium 1 in the slighly raised position of the 
lever 14. In this case, a displacement in the radial direc- 50 
tion in accordance with arrow 54 may also occur at the 
same time, this being attributable to the interaction of 
toothed rim 50 and toothed rack 51. By combining the 
two procedures described, it is possible to displace the 
mass elements 27, 27' both in their angular position and 55 
in their radial position and. consequently, to compen- 
sate for an unbalance U, see arrow 18, which is caused 
by the recording medium 1, for example. 



[0068] Figure 10 shows a diagrammatic illustration of 
an unbalance compensation means 60 of a device 
according to the invention, which is arranged for exam- 
ple instead of the ring elements 37. 37' and the control 
element 36' of Figure 8 on a corresponding device. The 
unbalance compensation means 60 is represented in a 
sectional plane arranged perpendicular to the drive 
shaft 9 of the device. In the exemplary embodiment, the 
unbalance compensation means 60 has four mass ele- 
ments 27, which are connected to a control means 61 
composed of lever elements 62, 62' and 62" and having 
points of action 63, 63' on the unbalance compensation 
means 60 and further points of action 64, 64'. The 
points of action 63, 63' are arranged respectively in the 
outer and inner region of a base plate 65 of the unbal- 
ance compensation means 60, which base plate is 
designed as an annular disc. The point of action 64 lies 
on a control casing 66, which is arranged such that it is 
fixed with respect to the device and centred with respect 
to the drive shaft 9. The further point of action 64' is con- 
nected to the mass element 27. In the neutral position of 
the unbalance compensation means which is illustrated 
in Figure 10, all the mass elements 27 have the same 
distance from the axis of rotation, that is to say from the 
drive shaft 9; an unbalance is not present. The base 
plate 65 has guide elements 67 by means of which the 
movably arranged mass elements 27 are guided in the 
radial direction. The base plate 65 rotates with the 
recording medium 1, that is to say with the same 
number of revolutions as the drive shaft 9, whereas the 
control casing 66 is stationary The points of action 64 
are mounted in sliding fashion, in rolling fashion or in 
another suitable manner on the inner face of the control 
casing 66. 

[0069] In Figure 1 1 , the base plate 65 is displaced 
eccentrically with respect to the drive shaft 9 on account 
of an unbalance indicated by the arrow 18. Since the 
control casing 66 is undisplaced with respect to the 
drive shaft 9, the points of action 63, 63' located on the 
base plate 65 have been displaced with regard to the 
point of action 64. The lever elements 62, 62* and 62", 
which are connected to one another in an articulated 
manner, are tilted with respect to one another. Since the 
lever arm of the lever element 62" is shorter than that of 
the lever element 62, they are no longer parallel to one 
another in Figure 1 1 ; they are both tilted towards the 
centre point of the base plate 65. Consequently, the 
point of action 64* on the mass element 27 is likewise 
displaced towards this centre point. This applies to the 
mass element 27 illustrated in the upper part of Figure 
11. The guide elements 67 ensure that the mass ele- 
ment 27 moves in the radial direction. The mass ele- 
ment 27 represented in the lower part of Figure 1 1 is 
displaced radially outwards since in this case the corre- 
sponding lever elements are likewise displaced away 
from the centre of the base plate 65. The mass ele- 
ments represented on the left and right in Figure 1 1 are 
undisplaced in the assumed direction of the unbalance. 
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The lever arms of the lever elements 62, 62\62" and 
also the total length thereof and the mass of the mass 
elements 27 and also of the base plate 65 are designed 
in such a way that the movement of the mass elements 
which is effected counter to the movement of the base 5 
plate 65 suffices to compensate for the unbalance. 
Instead of the four mass elements illustrated, it is also 
possible for three, five, six or a higher number of mass 
elements to be arranged correspondingly, without leav- 
ing the scope of the present invention. 
[0070] Figure 12 represents a centrifugal force com- 
pensation means 70 which can be arranged instead of 
the ring elements 37, 37' of Figure 8. It has an annular 
cavity 71, which encloses a multiplicity of small mass 
elements 27. The mass elements 27 are preferably iron 
particles or other substances having magnetic proper- 
ties, for example a magnetic fluid. In addition to the 
mass elements, the cavity 71 contains a liquid or a gas, 
preferably of a defined composition. The cavity 71 is 
arranged such that it is centred with respect to the drive 
shaft 9. In the right-hand part of Figure 12, in a broken 
illustration, it is evident that an electromagnet 72 is 
arranged as a long-range-force-generating element 
underneath the cavity 71. Arrow 73 indicates the direc- 
tion of rotation of drive shaft 9 and centrifugal force 
compensation means 70. 

[0071] As soon as the drive shaft 9 is made to move, 
the mass elements 27 are accelerated towards the 
outer edge of the cavity 71 on account of the centrifugal 
force. At low speeds, the friction force may still be 
greater than the centrifugal force, with the result that the 
mass elements 27 begin to move outwards only starting 
from a specific speed of rotation. The electromagnet 72 
is activated in the acceleration phase, whereupon the 
mass elements, on account of the magnetic force of 
attraction, accumulate on that wall of the annular cavity 
71 which is adjacent to the electromagnet 72. In this 
case, the magnetic field generated by the electromag- 
net 72 is so strong that the mass elements are all gath- 
ered on the electromagnet 72 despite the movement of 
the cavity 71. Figure 12 accordingly shows a picture in 
which about half a revolution has already occurred since 
the electromagnet 72 was switched on. 
[0072] A centrifugal force compensation means 70 in 
accordance with Figure 12 is evident in Figure 13, in a 
perspective illustration. In this case, two annular cavities 
71 , 71* are arranged one above the other. Moreover, an 
electromagnet 72' arranged radially on the inside is evi- 
dent. The electromagnet 72' serves to gather the mass 
elements 27 of the cavity 71', while a further electro- 
magnet (not represented here) is arranged either like- 
wise radially on the inside or underneath the cavity 71 in 
order to gather the mass elements 27 located therein. 
[0073] This is illustrated in Figure 1 4. For the purpose 
of simplifcation, both alternatives, namely an electro- 
magnet 72 arranged below or above the cavity 71 as 
well as a magnet 72' arranged radially on the inside, are 
illustrated here. Both are in operation and have gath- 



ered the mass elements 27. The inner wall of the cavity 
71 is provided with a structured surface 75 on its outer 
circumference 74, which structured surface serves as 
adhesion element or holding element. 
[0074] As soon as a recording medium has been 
inserted into the device according to the invention, the 
drive motor is switched on, as a result of which the cav- 
ity 71 is made to effect the rotary movement. At the 
same time, the electromagnet 72, 72' is activated and 
the mass elements 27 are consequently gathered. The 
unbalance of the rotating system, which is primarily 
caused by the unbalance of the recording medium, is 
determined by means of a sensor (not illustrated here) 
and a corresponding evaluation unit. In accordance with 
a suitable method, the position at which the compensa- 
tion mass ought to be arranged is thereupon deter- 
mined. If the cavity 71 is in the corresponding angular 
position, then the electromagnet 72, 72' is switched off, 
whereupon the mass elements 27 are accelerated and 
pressed against the outer circumference 74 on account 
of the centrifugal force. They remain there on the struc- 
tured surface 75. This is illustrated in Figure 15. The 
mass elements 27, preferably have a polyhedral or 
rough surface, with the result that they adhere, on the 
one hand, to the structured surface 75 of the cavity 71 
and. on the other hand, reciprocally with respect to one 
another. More uniform distribution of the mass elements 
27 over a larger region of the circumference 74 can be 
obtained by a defined reduction of the magnetic field 
strength generated by the electromagnet 72, 72'. 
[0075] The upper part of Figure 15 illustrates the sur- 
face provided with cavities 76 having directed openings, 
with the result that in the event of a direction of rotation 
corresponding to arrow 73, the mass elements 27 are 
held in the cavities, even if the speed of rotation is 
reduced or brought to zero. Accordingly, in the event of 
renewed acceleration, renewed positioning of the mass 
elements 27 is not necessary. For the purpose of repo- 
sitioning, rotation is momentarily effected counter to the 
direction of the arrow 73, as a result of which the mass 
elements 27 which were situated in the cavities 76 leave 
the latter and can be gathered by the elecromagnet 72, 
72'. 

[0076] The second cavity 71' shown in Figure 13 
serves for forming two accumulations of mass elements 
27 in each of the two cavities 71 , 71 '. Something similar 
is likewise possible by arranging two electromagnets 72 
on a single cavity 71 , but in this case it is more difficult 
to ensure uniform distribution of the two mass elements 
on both electromagnets 72. 

[0077] In Figure 16. it is evident that the recording 
medium 1 rests on the disc turntable 4 in a manner cen- 
tred by the centring pin 2. Arranged underneath the disc 
turntable 4 is a rotor 81 , which is part of the additional 
force generation means 80 serving as unbalance com- 
pensation means. The rotor 81 is arranged on the drive 
shaft 9, which is driven by the drive motor 5. The drive 
motor 5 is arranged on a support element 10 which is 
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arranged on a housing 82 via damper elements 13. A 
sensor 83 and also the scanner 1 1 with lens 12 are fur- 
thermore arranged on the support element 10. Through 
an opening 84 in the housing 82, a scanning beam (not 
illustrated here) passes from the scanner 1 1 through the 
lens 12 onto the recording medium 1. The scanning of 
an optical recording medium of this type is generally 
known and, therefore, need not be explained in any 
detail here. Furthermore, electromagnets 85 are 
arranged on the upper part of the housing 82, adjacent 
to the rotor 81, and are likewise part of the additional 
force generation means 80. 

[0078] The sensor 83 serves to generate a signal 
which is related to the unbalance caused by the record- 
ing medium 1, for example. The sensor 83 is a vibration 
sensor, for example. The output signal of the sensor 83 
is evaluated by a control unit 86, which determines from 
the said signal the way in which the electromagnets 85 
must be driven so as to generate a centrifugal force 
which counteracts the unbalance. For this purpose, the 
rotor 81 likewise has magnetic properties, for example 
permanent magnets are arranged in it. 
[0079] Figure 1 7 shows a section in accordance with 
the line DD of Figure 16. Part of the housing 82 is evi- 
dent in which six electromagnets 85 are arranged. The 
rotor 81 is connected to the drive shaft 9 and arranged 
such that it is centred with respect thereto. A narrow gap 
is present between the rotor 81 and the electromagnets 
85. In order to read from or write to the recording 
medium 1 , the latter is made to rotate, drive shaft 9 and 
rotor 81 rotating in direction of the arrow 73. Any system 
unbalance that may be present causes the rotor 81 to 
begin to vibrate. In order to compensate for this vibra- 
tion, it is necessary to generate a centrifugal force which 
circulates at the frequency of the rotor 81 and acts in the 
opposite direction to the force engendered by the unbal- 
ance. The electromagnets 85 are provided for this pur- 
pose, the said electromagnets being driven by the 
control unit 86 in such a way that a circulating magnetic 
field is generated which generates the corresponding 
compensation force. 

[0080] In an alternative refinement, the lens 12 and 
the scanner 1 1 are used as vibration sensor instead of 
the sensor 83. The movement of the lens 12, which is 
also influenced, inter alia, by the vibration generated by 
the unbalance, is determined by means of sensors 
present in the scanner 11, for example photodetectors 
and a corresponding evaluation logic arrangement, and 
utilized for corresponding driving of the electromagnets 
85. In a further alternative refinement of the invention, a 
signal engendered by the circulating magnetic field 
which compensates for the unbalance is superposed on 
the electromagnets of the drive motor 5, instead of the 
electromagnets 85. In a further refinement of the inven- 
tion, the drivable electromagnets, indicated as electro- 
magnet 85' in the lower region of Figure 17, are 
arranged in the rotor 81 , which has the advantage that 
the frequency of the magnetic field generated by the 



electromagnets 85' is always synchronous with the fre- 
quency of the rotor 81. 

[0081 ] Figure 18 shows a diagrammatic illustration of 
an unbalance compensation means 90, which, for 

5 example, is arranged at the position of the rotor 81 of 
Figure 16 on the drive shaft 9. It has a sensor element 
93, which is designed as a vibration sensor and whose 
signal is evaluated by a control unit 96, which forwards 
an open-loop or closed-loop control signal to centrifugal 

10 force generation means 91 . In the exemplary embodi- 
ment, three such centrifugal force generation means 91 
are arranged such that they are distributed uniformly on 
the unbalance compensation means 90. In an alterna- 
tive illustration, the upper right-hand part of Figure 18 

15 illustrates a positioning means 92, which is likewise 
arranged in an at least triple design distributed uniformly 
over the alternative configuration of the unbalance com- 
pensation means 90. 

[0082] The centrifugal force generation means 91 has 

20 a micropump 94, which is connected to a radially inner 
tank 95 and a radially outer tank 95'. The micropump 94 
is able to convey a fluid from the radially inner tank 95 to 
the radially outer tank 95', or vice versa A displacement 
of the mass distribution of the unbalance compensation 

25 means can be obtained in this way. The mass distribu- 
tion which is necessary for unbalance compensation 
can be obtained by joint interaction of a plurality of cen- 
trifugal force generation means 91. The elements illus- 
trated in Figure 18 are represented only 

30 diagrammatically; they are realized for example as 
micromechanical components, so-called mechatronic 
components, on a semiconductor support. 
[0083] The alternative refinement with positioning 
means 92 also has a micropump 94' which is connected 

35 to an outer tank 95" and a pressure space 97 of a pres- 
sure cylinder 98. The piston 99 of the pressure cylinder 
98 is supported on the drive shaft 9, while the pressure 
cylinder 98 is secured to the unbalance compensation 
means 90. If fluid is conveyed from the tank 95" into the 

40 pressure space 97 by the micropump 94\ then the dis- 
tance between the unbalance compensation means 90 
and the drive shaft 9 is increased at this point. The 
unbalance compensation means 90 is consequently 
repositioned relative to the drive shaft 9, as a result of 

45 which an unbalance is likewise generated, artificially, 
which acts in the opposite direction to the unbalance of 
the system. The requisite force can be generated by a 
large number of positioning means 92, which are like- 
wise designed as micromechanical or mechatronic 

so components. 

[0084] Although not all of the exemplary embodiments 
described have every expedient combination of features 
according to the invention, all these combinations nev- 
ertheless lie within the scope of the invention, even if 

55 they are not expressly pointed out. 
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Claims 

1. Device for reading from and/or writing to recording 
media (1) in disc form having a drive motor (5), a 
securing means (3. 4) and an unbalance compen- 
sation means (6, 41, 42, 60, 70), characterized in 
that the unbalance compensation means is a cen- 
trifugal force generation means (42, 60, 70) with a 
centrifugal force which is variable during operation. 

2. Device according to the preamble of Claim 1 , char- 
acterized in that the unbalance compensation 
means is a positioning means (6, 41) for positioning 
the recording medium (1). 

3. Device according to Claim 2, characterized in that 
the positioning means (6) has spring elements (7) 
and damper elements (8), which are arranged such 
that they are distributed uniformly over the circum- 
ference of the said positioning means. 

4. Device according to Claim 1 , characterized in that 
the centrifugal force generation means has a mass 
element (27, 27'), which can be moved during oper- 
ation. 

5. Device according to Claim 4, characterized in that 
two mass elements (27, 27') are arranged such that 
they can move about the axis of rotation of the 
recording medium (1). 

6. Device according to Claim 4, characterized in that 
a plurality of small mass elements (27) are present 
which can be placed along a circumference (74) or 
a radius of the centrifugal force generation means 
(70). 

7. Device according to Claim 6, characterized in that 
an adhesion element (75) or a holding element (76) 
is arranged on the circumference (74) and/or on the 
radius of the centrifugal force generation means 
(70). 

8. Device according to either of Claims 1 and 4, char- 
acterized in that the unbalance compensation 
means (60) has a control means (61 ), which essen- 
tially follows the rotary movement of the unbalance 
compensation means (60). 

9. Device according to Claim 8, characterized in that 
the control means (61) is a lever element (62, 62', 
62"). 

10. Device according to Claim 9, characterized in that 
the lever element (62, 62', 62") has a point of action 
(63, 63') on a rotating part (65), a point of action 
(64) on a stationary part (66) and a point of action 
(64') on a mass element (27). 



11. Device according to one of Claims 1. 4, 5, 6 or 7, 
characterized in that the unbalance compensation 
means has a control means (14, 36, 36*, 85, 86) 
which is arranged such that it is essentially station- 

s ary with respect to the device. 

12. Device according to Claim 11, characterized in 
that the stationary control means (14, 36, 36') has a 
braking means (49. 35, 35*), which influences the 

10 angular position (<p) and/or the radial position (r^ of 
the mass element (4, 27, 27). 

13. Device according to Claim 12, characterized in 
that the unbalance compensation means has a 

15 positioning gear mechanism (23, 26, 29, 50, 51) 
with rotating elements (32, 32\ 33, 33', 44, 52), 
which can be influenced by the braking means (35, 
35\ 49). 

20 14. Device according to Claim 12, characterized in 
that the braking means (49) is part of an engage- 
ment means (3, 14) for the recording medium (1). 

15. Device according to Claim 11. characterized in 
25 that the control means (86) has a long-range-force- 
generating element (72, 72\ 85). 

16. Device according to Claim 15. characterized in 
that the mass element (27) is a magnetizable mass 

30 element and the long-range-force-generating ele- 
ment (72, 72*) is a magnet. 

17. Device according to the preamble of Claim 1 , char- 
acterized in that the unbalance compensation 

35 means is an additional force generation means 
(80). which has, in particular, a long-range force 
generation means (85). 

18. Device according to Claim 17, characterized in 
40 that the long-range force generation means has a 

magnetic field generation means (85). 

19. Device according to Claim 18, characterized in 
that the magnetic field generation means (85) is 

45 integrated in the drive motor (5). 

20. Device according to one of the preceding claims, 
characterized in that a sensor (83) and an evalua- 
tion means (86) are present. 

50 

21. Device according to Claim 20, characterized in 
that the sensor is a vibration sensor (11. 12. 86). 

22. Device according to Claim 1 or 2. characterized in 
55 that the unbalance compensation means (90) has a 

sensor element (93). an evaluation means (96) and 
a centrifugal force generation means (91) and/or a 
positioning means (92), which are all arranged on a 
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rotating part (90) of the device. 

23. Method for setting a variable centrifugal force of a 
centrifugal force generation means, having the fol- 
lowing steps: 5 

a) start of the setting procedure, 

b) comparison of a measured value (U n ), which 
corresponds to an unbalance, with a lower limit 
value (U| imit ) and branching to step o) if the 10 
measured value (U n ) lies below the limit value 

(U|jmit). 

c) storage of the present value (U n ) as stored 
value (Um), 

e) changing of the angular position of the mass is 
element (m^ by a first value (+A<p), 

f) comparison of a present measured value 
(U n ) with the stored value (U n .-,), and branching 
to step h) if the present value (U n ) is less than 
the stored value (1^), 20 

g) changing of the angular position of the mass 
element (m^ by a second value (-2A<p), whose 
sign and magnitude do not correspond to those 
of the first value (+A<p) from step e), 

h) comparison of the difference (AU) between 25 
present value (U n ) and stored value (U^) with 

a threshold value (AU max ) and branching to 
step c) if the threshold value (AU max ) is 
exceeded, 

j) storage of the present value (U n ) as stored 30 
value (Un.!), 

k) changing of the moment of inertia of the 
mass element (m^ by a first value (+Am 1 r 1 ), 
I) comparison of a present measured value 
(U n ) with the stored value (U^) and branching 35 
to step n) if the present value (U n ) is less than 
the stored value (U^). 

m) changing of the moment of inertia of the 
mass element (n^) by a second value (- 
2Am 1 r 1 ), whose sign and magnitude do not 40 
correspond to those of the first value (+Am 1 r 1 ) 
from step k), 

n) comparison of the difference (AU) between 
present value (U n ) and stored value (U^) with 
a lower limit value (U, imit ) and branching to step 45 
j) if the limit value (U| jmit ) is exceeded, 
o) end of the setting procedure. 

24. Method according to Claim 23, characterized in 
that the following step is carried out between steps so 
c) and e): 

d) addition of a mass element (rrV|). 



55 
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